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SUMVARY

Acet obacter aceti is a benign mcroorganismthat is
ubi quitous in the environnent existing in ecological niches such
as flowers, fruits, honey bees, as well as in water and soil. It
has a long history of safe use in the fernentation industry for
t he production of acetic acid fromalcohol. There are no reports
in the literature suggesting that A aceti is a pathogen of
humans or animals. It is not considered a plant pathogen, but
there are reports of A aceti causing pink disease of pineapple
and rot of apples and pears. However, the taxonony of the genus
has been revised since these reports were published, and it is
doubt ful whether the mcroorganismthat is presently classified
as A aceti was actually responsible for either of these
di seases. A. liquefaciens (fornerly classified as A aceti
subsp. liquefaciens) is the m croorgani smthat causes pink
di sease of pineapple which results in brown discol oration of
fruit during processing. |t appears that strains of A aceti my
be capabl e of causing rot in apples, but only with nechani cal
i njection of high concentrations of bacteria bel ow the outer
protective epidermal |ayers.

I11. BACKGROUND
A. | nt roducti on

EPA recogni zes that sone m croorgani sns present a |l ow risk
when used under specific conditions at general commercial use.
Therefore, EPA is proposing expedited regulatory processes for
certain mcroorgani sns under these specific conditions at the
general commercial use stage. M croorgani smuses that woul d be
exenpt neet criteria addressing: (1) perfornmance based standards
for mnimzing the nunbers of m croorganisns emtted fromthe
manufacturing facility; (2) the introduced genetic material; and
(3) the recipient mcroorganism M croorganisns that qualify for
t hese exenptions, terned Tier | and Tier |1, nust neet a standard
of no unreasonable risk in the exenpted use.

To evaluate the potential for unreasonable risk to human
health or the environnment in devel oping these exenptions, EPA
focuses primarily on the characteristics of the recipient
m croorganisnms. |If the recipient is shown to have little or no
potential for adverse effects, introduced genetic materi al
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nmeeting the specified criteria would not likely significantly

i ncrease potential for adverse effects. As further assurance
that risks would be |l ow, EPA is also specifying procedures for

m ni m zi ng nunbers of organisns enmtted fromthe facility. Wen
bal anced agai nst resource savings for society and expected
product benefits, these exenptions wll not present unreasonable
risks.

B. Criteria for Mnimzing Rel ease from Manufacturing
Facilities

The standards prescribed for the Tier | exenption require
the following: (1) the structure(s) be designed and operated to
contain the mcroorganism (2) access to the structure should be
limted to essential personnel, (3) inactivation procedures shown
to be effective in reducing the nunber of viable m croorgani sns
in liquid and solid wastes should be followed prior to disposal
of the wastes, (4) features to reduce mcrobial concentrations in
aerosol s and exhaust gases released fromthe structure should be
in place, and (5) general worker hygiene and protection practices
shoul d be fol |l owed.

1. Definition of structure. EPA considers the term
"structure" to refer to the building or vessel which effectively
surrounds and encl oses the m croorganism Vessels may have a
variety of forms, e.g., cubic, ovoid, cylindrical, or spherical,
and may be the fernentation vessel proper or part of the
downstream product separation and purification line. Al would
performthe function of enclosing the mcroorganism |n general,
the material used in the construction of such structure(s) woul d
be i nperneable, resistant to corrosion and easy to
clean/sterilize. Seans, joints, fittings, associated process
pi ping, fasteners and other simlar elenments would be seal ed.

2. Standards to mnimze mcrobial release. EPA s
proposi ng, for several reasons, a sonewhat cautious approach in
prescribing standards for mnimzing the nunber of m croorganisns
emtted through the disposal of waste and the venting of gases.
First, a wide range of behaviors can be displayed by
m croorgani snms nodi fied consistent wwth EPA's standards for the

i ntroduced genetic material. Second, EPA will not conduct any
revi ew what soever for Tier | exenptions. EPA believes the
requirenent to mnimze emssions wll provide a neasure of risk

reduction necessary for naking a finding of no unreasonable risk.
Taken together, EPA' s standards ensure that the nunber of
m croorgani sns emtted fromthe structure is mnimzed.

EPA' s proposed standards for mnim zing em ssions specify
that liquid and solid waste containing the m croorgani sns be



3

treated to give a validated decrease in viable mcrobial

popul ations so that at |east 99.9999 percent of the organi sns
resulting fromthe fernentation wll be killed. Since the
bacteria used in fernmentati on processes are usually debilitated,
either intentionally or through acclimation to industrial
fermentation, the small fraction of m croorgani snms renaini ng
viabl e after inactivation treatnents will |ikely have a reduced
ability to survive during disposal or in the environnent.

Mor eover, industrial conmpanies, in an attenpt to keep their
proprietary m croorgani sns fromconpetitors and to reduce the

m crobi al nunbers to those permtted by |ocal sanitation
authorities, nodify the mcroorganisns to increase the ability of
their mcroorganisnms to survive and performtheir assigned tasks
in the fermentor but decrease their ability to survive in the
envi ronnent external to the fernentor.

EPA requirenents al so address m croorgani sns in the exhaust
fromthe fernentor and al ong the production line. To address
exhaust fromfernentors, EPA is proposing that the nunber of
m croorgani sns in fernentor gases be reduced by at |east two | ogs
prior to the gases being exhausted fromthe fernmentor. EPA
sel ected this nunber based on an estimate of the nunbers of
m croorganisns likely to be in the exhaust froman uncontroll ed
fermentor and common industry practice. Mreover, m croorgani sns
that are physiologically acclimted to the growh conditions
within the fernentor are likely to be conpromsed in their
ability to survive aerosolization. EPA anticipates, therefore,
that few m croorganisnms will survive the stresses of
aerosolization associated wth being exhausted in a gas fromthe
fermentor. The provision requiring reduction of m croorgani sns
in fermentor exhaust gases contributes to minimzing the nunber
of viable mcroorganisns emtted fromthe facility.

EPA is al so proposing that the requirenents specify that
ot her systens be in place to control dissem nation of
m croorgani sns by other routes. This would include prograns to
control pests such as insects or rats, since these m ght serve as
vectors for carrying mcroorgani snms out of the fernentation
facilities.

3. Worker protection. The requirenent to mnimze
m crobi al em ssions, in conjunction with the requirenment for
general worker safety and hygi ene procedures, also affords a
measure of protection for workers. Potential effects on workers
that exist with mcroorganisns in general (e.g., allergenicity)
will be present with the m croorgani sns qualifying for this
exenption. As wth other substances that humans may react to
(e.g., pollen, chemcals, dust), the type and degree of
all ergenic response is determ ned by the biology of the exposed
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individual. It is unlikely that a mcroorganismnodified in
keeping wth EPA s specifications for the introduced genetic

mat eri al woul d i nduce a hei ghtened response. The general worker
hygi ene procedures specified by EPA shoul d protect nost
individuals fromthe allergenic responses associated with

m croorgani sns exhausted fromfernentors and/or other substances
emtted al ong the production line. The EPA requirenent that
entry be limted to essential personnel also addresses this
consideration by reducing to a mnimumthe nunber of individuals
exposed.

4. Effect of containnent criteria. As further assurance
that risks would be | ow, EPA is specifying procedures for
m ni m zi ng nunbers of organisns emtted fromthe facility for the
Tier | exenption. EPA is not specifying standards for mnim zing
t he nunber of m croorganisns emtted fromthe facility for the
Tier Il exenption. Rather, the Agency requests that submtters
utilize as guidance the standards set forth for Tier
procedures. The procedures proposed by the submtter in a Tier
|1 exenption request will be reviewed by the Agency. EPA wll
have the opportunity to eval uate whether the procedures the
submtter intends to inplenment for reducing the nunber of
organisns emtted fromthe facility are appropriate for that
m cr oor gani sm

C. | nt roduced Genetic Material Criteria

In order to qualify for either Tier | or Tier Il exenption,
any introduced genetic material nust be limted in size, well
characterized, free of certain nucleotide sequences, and poorly
nmobi | i zabl e.

1. Limted in size. |Introduced genetic material nust be
limted in size to consist only of the followng: (1) the
structural gene(s) of interest; (2) the regulatory sequences
permtting the expression of solely the gene(s) of interest; (3)
t he associ ated nucl eoti de sequences needed to nove genetic
material, including |linkers, honopol yners, adaptors, transposons,
i nsertion sequences, and restriction enzyne sites; (4) the
nucl eoti de sequences needed for vector transfer; and (5) the
nucl eoti de sequences needed for vector nmintenance.

The limted in size criterion reduces risk by excluding the
introduction into a recipient of extraneous and potentially
uncharacterized genetic material. The requirenment that the
regul atory sequences permt the expression solely of the
structural gene(s) of interest reduces risk by preventing
expressi on of genes downstream of the inserted genetic material.
The limtation on the vector sequences that are conponents of the
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i ntroduced genetic material prevents the introduction of novel
traits beyond those associated with the gene(s) of interest. The
overall result of the |imted in size criterion is inproved
ability to predict the behavior of the resulting m croorgani sm

2. Vll characterized. For introduced genetic nmaterial,
wel | characterized neans that the foll ow ng have been determ ned:
(1) the function of all of the products expressed fromthe
structural gene(s); (2) the function of sequences that
participate in the regulation of expression of the structural
gene(s); and (3) the presence or absence of associ ated nucl eoti de
sequences.

Wel | characterized includes know edge of the function of the
i ntroduced sequences and the phenotypi c expression associ at ed
with the introduced genetic material. Genetic material which has
been exam ned at the restriction map or sequence |evel, but for
whi ch a function or phenotypic trait has not yet been ascri bed,
is not considered well characterized. WII| characterized would
i ncl ude know ng whether nultiple reading franes exist wthin the
operon. This relates to whether nore than one biol ogical product
m ght be encoded by a single sequence, and addresses the
possibility that a nodified m croorgani smcould display
unpr edi cted behavi or should such nultiple reading franmes exi st
and their action not be anticipated.

3. Free of certain sequences. In addition to inproving
the ability to predict the behavior of the nodified
m croorganism the well characterized requirenent ensures that
segnents encoding for either part or the whole of the toxins
listed in the proposed regulatory text for the TSCA bi ot echnol ogy
rule would not inadvertently be introduced into the recipient
m cr oor gani sm

These toxins are pol ypeptides of relatively high potency.
O her types of toxins (e.g., nodified am no acids, heterocyclic
conpounds, conpl ex pol ysacchari des, glycoproteins, and peptides)
are not listed for two reasons. First, their toxicity falls
within the range of noderate to | ow. Second, these types of
toxins generally arise fromthe activity of a nunber of genes in
several netabolic pathways (nultigenic).

In order for a mcroorganismto produce toxins of nultigenic
origin, a large nunber of different sequences woul d have to be
i ntroduced and appropriately expressed. It is unlikely that al
of the genetic material necessary for netabolizing nultigenic
toxi ns woul d be inadvertently introduced into a recipient
m croorgani smwhen requirenents that the genetic material be
l[imted in size and well characterized are foll owed.
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Simlarly, other properties that m ght present risk concerns
result fromthe interactive expression of a |arge nunber of
genes. For exanple, pathogenic behavior is the result of a |large
nunber of genes being appropriately expressed. Because of the
conpl ex nature of behaviors such as pathogenicity, the
probability is Iow that an insert consisting of well
characterized, limted in size genetic material could transform
t he m croorgani sns proposed for exenption into m croorgani snms
whi ch di spl ay pat hogeni ¢ behavi or.

4. Poorly nobilizable. Poorly nobilizable neans the
ability of the introduced genetic material to be transferred and
nmobilized is inactivated, with a resulting frequency of transfer
of less than 10°® transfer events per recipient. The requirenent
that the introduced genetic nmaterial be poorly nobilizable
reduces potential for transfer of introduced genetic sequences to
other mcroorganisns in the environnment. Such transfers would
occur through the interaction of the introduced m croorgani sm
wi t h i ndi genous m croorgani snms through conjugation, transduction,
or transformation. Through such transfers, the introduced
genetic material could be transferred to and propagated within
di fferent popul ati ons of m croorgani sns, including m croorgani sns
whi ch may never previously have been exposed to this genetic
material. It is not possible to predict how the behavi or of
t hese potential recipient mcroorganisns wll be affected after
upt ake and expression of the genetic material.

Since EPAis not limting the type of organismthat can
serve as the source for the introduced genetic material, sone
limtation is placed on the ability of the introduced genetic
material to be transferred. This limtation mtigates risk by
significantly reducing the probability that the introduced
genetic material would be transferred to and expressed by ot her
m cr oor gani sns.

The 108 frequency is attainable given current techniques.
Plasmids with transfer rates of 108 exist or are easily
constructed. Sone of the plasm ds nost commonly enpl oyed as
vectors in genetic engineering (e.g., pBR325, pBR322) have
nmobi | i zation/transfer frequencies of 108 or |ess.

The criteria set for "poorly nobilizable" for transduction
and transformati on shoul d not prevent nost m croorganisns from
nmeeting the exenption criteria, since the magjority of transfer
frequencies reported for transduction and natural transformation
are less than 108 Higher frequencies are likely only if the
i ntroduced genetic material has been altered or selected to
enhance frequency.
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Fungal gene transfer has al so been considered in devel opnent
of the poorly nobilizable criterion. Although nobile genetic
el ements such as transposons, plasm ds and doubl e stranded RNA
exist in fungi and can be readily transferred, this transfer
usually is only possible between nenbers of the sanme species
during anastonosis, a process specific to fungi. Since
anastonosis only occurs between nenbers of the sane species, the
i ntroduced genetic material would not be transferred to distantly
related fungi as may occur with bacteri a.

5. Effect of introduced genetic material criteria. The
requi renents placed on the introduced genetic material, in
concert with the |level of safety associated with Acetobacter
aceti, ensure that the resulting m croorgani sns present |ow or
negligible risk. The probability is low that the insertion of
genetic material neeting EPA' s criteria into strains of A aceti
wi || change their behavior so that they would acquire the
potential for causing adverse effects. Risks would be mtigated
by the four criteria placed on the introduced genetic nmaterial,
the relative safety of A aceti, and the inactivation criteria
specified for the Tier | exenption. In the case of Tier |
exenption, risks would be mtigated in light of the four criteria
pl aced on introduced genetic material, the relative safety of A
aceti, and EPA' s review of the conditions sel ected.

D. Reci pient McroorganismCriteria

Six criteria were used by EPA to determine eligibility of
reci pient mcroorganisns for the tiered exenption.
M croor gani snms whi ch EPA finds neet these criteria are listed as
eligible recipients. The first criteria would require that it be
possible to clearly identify and classify the m croorgani sm
Avai | abl e genotypi c and phenotypic information should allow the
m croorganismto be assigned w thout confusion to an existing
taxon which is easily recognized. Second, information should be
avai l able to evaluate the relationship of the m croorganismto
any other closely related m croorgani sns which have a potenti al
for adverse effects on human health or the environnment. Third,
there should be a history of commercial use for the
m croorganism Fourth, the commercial uses should indicate that
the m croorgani sm products m ght be subject to TSCA jurisdiction.
Fifth, studies are available which indicate the potential for the
m croorgani smto cause adverse effects on human health and the
environment. Sixth, studies are avail able which indicate the
survival characteristics of the mcroorganismin the environnent.

After each m croorgani smwas reviewed using the six
evaluation criteria, a decision was nade as to whether to place
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the mcroorganismon the list. The Agency's specific
determ nation for Acetobacter aceti is discussed in the next
unit.

[11. EVALUATI ON OF THE CANDI DATE
A Hi story of Use

1. Hi story of safe commercial use. Menbers of the
genus Acet obacter have been used industrially since the 1850s,
primarily for food grade acetic acid (vinegar) production. A
aceti is considered a Class 1 Agent under the NIH Cuidelines for
Research I nvol vi ng Reconbi nant DNA Ml ecul es and is included on
the FDA's GRAS |ist of m croorgani sns.

2. Products subject to TSCA jurisdiction. EPA has
not yet received a subm ssion for use of A aceti under TSCA
However, potential TSCA uses of acetic acid include manufacturing
of acetate rayon, plastics production, rubber production, and
phot ogr aphi ¢ chem cal s.

B. | dentification of M croorgani sm
1. Classification of mcroorganism The genus
Acet obacter is well-defined. It has recently been reclassified

followi ng a nunerical analysis of 177 phenotypic characteristics
of organisns in the genus. There are several differentiating
characteristics which enable identification of the individual
speci es of Acetobacter. Because the genus has recently been
revised, older strains in use for acetic acid production nmay not
be correctly classified as A aceti.

2. Rel ated taxa of concern. Acetobacter |iquefaciens,
formerly classified as A aceti subsp. liquefaciens, has been
associated wth pink disease of pineapple, through its production
of 2,5-di ketogluconic acid which causes tissue to turn pink. The
pink tissue then turns brown after heat treatnent during
processing. A liquefaciens may al so be involved in rot of
appl es and pears, which in sone cases has been associated with
2, 5-di ket ogl uconic acid production. A. aceti does not produce
2, 5-di ket ogl uconi ¢ aci d.

C. Ri sk Summary

1. Studies regarding potential for adverse effects.
There are no reports in the literature suggesting that A aceti
i s pathogenic to humans or aninmals. A. aceti does not produce
t oxi ns, enzynes, or other extracellular virulence factors
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normal |y associated with pathogenicity. Wile A aceti has been
reported as the causal agent of pink disease of pineapple, these
reports were published prior to the reclassification of the genus
Acet obacter. The organismnow classified as A |liqguefaciens is
considered to be responsible for pink disease of pineapple
through its production of 2,5-diketogluconic acid, an acid which
is not produced by A aceti. It appears that strains of A aceti
may be capable of causing rot in apples, but only with nmechanical
i njection of high concentrations of bacteria bel ow the outer
protective epidermal |ayers.

2. Studi es regarding survival in the environnent. A
aceti is ubiquitous in the environnent, existing in ecol ogical
ni ches such as flowers, fruits, honey bees, as well as in water
and soil. It is found essentially wherever sugar fernentation
occurs providing ethanol as a substrate for conversion to acetic
aci d.

| V. BENEFI TS SUMVARY

Substantial benefits are associated with this proposed
exenption. A aceti is already widely enployed in genera
commerci al uses, sonme of which are subject to TSCA reporting.
The Agency believes this exenption wll result in resource
savi ngs both to EPA and industry w thout conprom sing the |evel
of risk managenent afforded by the full 90 day review. In
addition to assessing the risk of A aceti, EPA has devel oped
criteria limting the potential for transfer of and expression of
t oxi n sequences, and the conditions of use specified in the
exenption are net (Tier 1) or wwll be reviewed by EPA to ensure
adequate risk reduction (Tier 11). EPA requirenents for
m ni m zi ng nunbers of viable m croorganisns emtted are within
standard operating procedures for the industry, and both the
procedures and the structures specified in the exenption are the
type industry uses to protect their products from contam nation.

The exenption will result in reduced reporting costs and a
decrease in delay associated with reporting requirenents. The
savi ngs in Agency resources can be directed to review ng
activities and m croorgani sns which present greater uncertainty.
Thi s exenption should also facilitate devel opnent and
manuf acturi ng of new products and the accunul ati on of useful
i nformati on.

V. RECOMVENDATI ON AND RATI ONALE
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A.  RECOVVENDATI ON: Acet obacter aceti is reconmmended for
the TSCA section 5(h)(4) tiered exenption.

B. RATI ONALE

1. Risks fromuse of the recipient mcroorganismA
aceti are low A aceti is a benign mcroorgani smwhich is
included in the FDA's GRAS |ist. It is not pathogenic to hunmans
or animals. Although it often conmes in contact wth humans due
to its w despread presence in the environnent, it does not
col oni ze human skin nor does it inhabit the human body. There
are no reports in the literature suggesting any allergic or
i mmunol ogi ¢ responses to the bacteriumthat has been used for
decades in fernentation facilities. Releases of this
m croorganismto the environnment through fernentation uses would
not pose any significant ecol ogi cal hazards, because this
m croorganismis ubiquitous in the environnent and it is not
pat hogenic to animals or plants.

2. Use of strains of A aceti which are eligible for
the TSCA section 5(h)(4) exenption present no unreasonable risk.
A. aceti is considered to be a benign organism Reports of pink
di sease of pineapples and rot in pears and apples are consi dered
to be primarily attributable to A liquefaciens which was
formerly classified as A aceti. Because of the change in
classification, older industrial strains of A aceti may not neet
the present-day designation of A aceti. As part of their
eligibility for this TSCA section 5(h)(4) exenption, conpanies
are required to certify that they are using A aceti. It is
therefore expected that conpanies will have information in their
files which docunents the correct identification of their
strains. Additionally, it is expected that conpanies w |l choose
wel | -characterized industrial strains for further devel opnent
t hrough genetic nodification. These expectations in conbination
with the use of Good Laboratory Practices should ensure the use
of the correct species.

Because the recipient mcroorganismwas found to have little
potential for adverse effects, introduced genetic materi al
meeting the specified criteria would not likely significantly
i ncrease potential for adverse effects. As further assurance
that risks would be |ow, EPA is specifying procedures for
m ni m zi ng nunbers of organisns emtted fromthe facility for the
Tier | exenption and will be review ng the conditions sel ected
for the Tier Il exenption. Wen bal anced agai nst resource
savings for society and expected product benefits, this exenption
wi |l not present unreasonable risks.
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Attachment 1:

| NTEGRATED RI SK ASSESSMENT OF
ACETOBACTER ACETI

| NTRODUCTI ON

Acet obacter aceti is a benign mcroorganismthat is
ubi quitous in the environnent, existing in al coholic ecol ogical
ni ches such as flowers, fruits, honey bees, as well as in water
and soil. It has a long history of safe use in the fernmentation
i ndustry for the production of acetic acid fromal cohol. There
are no reports in the literature suggesting that A aceti is a
pat hogen of humans or animals. It also is not considered a plant
pat hogen. The potential risks to hunman health or the environnment
associated with the use of this bacteriumin fernmentation
facilities are low. Since the taxonony of the genus was recently
revi sed, sone ol der production strains in use for acetic acid
production may, in fact, not neet the current taxonomc
desi gnation of A aceti.

Hi story of Conmmercial Use & Products Subject to TSCA
Jurisdiction

The history of safe use for this bacteriumis predom nately
for food grade acetic acid (vinegar) production. Menbers of the
genus Acet obacter have been used industrially since the 1850's
(Edberg, 1991). A aceti has also been reported in the
l[iterature as being used for cellulose production for specialty
papers or headphones (Anonynous, 1989a, 1989b); however, strains
capabl e of cellul ose production are classified as A pasteurianus
or A hansenii under the new taxonom c system (De Ley et al.,
1984). A. aceti is considered a Cass 1 Agent under the NIH
Qui delines for Research I nvol ving Reconbi nant DNA Mol ecul es (U. S.
Department of Health and Human Services, 1986), and is on the
FDA's GRAS (generally recognized as safe) |list of mcroorgani sns.

There are a nunber of TSCA applications for acetic acid.
These include manufacturing of acetate rayon, plastics
production, rubber production, and photographic chem cals.
1. | DENTI FI CATI ON AND TAXONOWY

A. Overvi ew

Acet obacter aceti is a Gamnegative bacteriumwhich is
notile by peritrichous flagella. It is obligately aerobic
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possessing only the ability for respiratory netabolismw th no
fermentative ability. A aceti does not form endospores. This
bacteriumis ubiquitous in the environnent, existing in soil,
water, flowers, fruits, and on honey bees; in essence, wherever
sugar fernmentation is occurring. A aceti produces acetic acid
fromethanol in alcoholic niches in the environnent. Acetate and
| actate are oxidized to CO, and H,O by the organism The opti nmal
tenperature for growh is between 25 to 30C, and the pH optinum
between 5.4 to 6.3 (De Ley et al., 1984). A aceti is a comon
contamnant in all industrial fernmentation facilities and is
responsi ble for generating turbidity, ropiness, discoloration,
and off-flavors in beer (Kough, 1991).

B. Taxonony and Characterization

The genus Acetobacter is well-defined, although changes in
t he taxonony have occurred in recent years. In the 1974 edition
of Bergey's Manual of Determ native Bacteriol ogy, there were
three species in the genus: (1) A aceti wth four subspecies
(aceti, orleanensis, xylinum and |liquefaciens); (2) A
pasteurianus with five subspeci es (pasteurianus, |ovaniensis,
estunensi s, ascendens, and paradoxus); and (3) A peroxydans.
All these species and subspeci es appear on the Approved Lists of
Bacterial Nanmes of 1980.

However, the nost recent edition of Bergey's Manual of
Systematic Bacteriology (De Ley et al., 1984) has reclassified
the genus after a nunerical analysis was conducted on 177
phenotypi ¢ characteristics of organisns in the genus. Presently

t he genus consists of four species: A aceti, A |iquefaciens
(formerly A aceti subsp. liquefaciens), A pasteurianus
(formerly A. aceti subsp. xylinum and orl eanensis), and A
hansenii. There are several differentiating characteristics

whi ch enabl e identification of the individual species of
Acet obact er.

It is inportant to note that since the genus has recently
been revised, older strains in use for acetic acid production nmay
not be correctly classified as A aceti. This risk assessnent is
for the present-day designation of A aceti.

C. Related Species of Concern

A. liquefaciens, although not considered to be a pl ant
pat hogen, has been reported to cause problens in stored fruit.
Thi s bacterium does not appear on a Departnment of Agriculture
list of plant pathogens (USDA, 1988), nor is a USDA perm:t
required to have the bacteriumin one's possession (Kough, 1991).
However, A. liquefaciens is capable of producing 2, 5-
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di ket ogl uconi ¢ aci d which causes pink di sease of pineapple (De
Ley et al., 1984). This disease is characterized by the

di scoloration of the tissue to pink which then turns brown wth
heat during processing (De Ley et al., 1984). Apparently, the
fruit itself is unaffected and the browning during processing can
be avoided if the fruit is washed prior to processing (Kough,
1991). A. liquefaciens may al so be involved in rot of apples and
pears whi ch has been shown, in sone cases, to be associated with
t he production of 2,5-di ketogluconic acid (Van Keer et al.

1981).

1. HAZARD ASSESSIVENT
A. Human Heal th Hazards

A. aceti has not been reported as a human pathogen. It is
ubiquitous in the environnent, and therefore, cones in contact
with humans on a frequent basis. Its optinmmgrowh tenperature
is below that of the human body and its optinumpH is bel ow t hat
normal Iy found on the surface of human skin. Due to its close
association with sugar breakdown, it is unlikely that this
species would formpart of the nornmal bacterial flora of humans
(Edberg, 1992). Review articles on the normal flora of the human
body did not reveal A aceti (Edberg, 1992).

There are no reports in the literature that A aceti is
capabl e of producing toxins active agai nst humans or ani mals, nor
are there reports of A aceti causing infection in humans or
animal s (Edberg, 1992). It does not produce enzynes or other
extracel lular factors nornmally associated with virul ence. There
IS no reason to suspect that A aceti could acquire or transfer
any virulence factors. This bacterium does possess plasm ds
whi ch are responsi ble for the production of enzynes used in
acetic acid production. These pl asm ds have been shown to be
transferred to other nenbers of the species in the |aboratory
under optimal conditions. However, there is no evidence of
plasm d transfer between strains of A aceti or related species
in the environnment. |Its unique ecol ogical niches are such that
it is unlikely that a second recipient or donor m croorgani sm
woul d be present in quantities sufficient for plasm d exchange to
occur (Edberg, 1992).

Bi ochem cal characteristics of A aceti virtually preclude
it as being a threat to human health. Although it grows well
wi th ethanol as a source of carbon, glucose has been shown to
actual |y decrease the growth rate in culture, especially when
ot her carbon sources were present (O Sullivan and Ettlinger,
1976). In addition, industrial strains may have been sel ected so
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that they do not have the ability to grow on gl ucose (Wber and
Ettlinger, 1971) or so that they utilize very specific am no
acids as nitrogen sources. This may result in growh inhibition
in the presence of alternate amno acids (O Sullivan, 1974).

In summary, A. aceti has no denonstrated virul ence factors.
It is not part of the normal flora of human skin or the body and
is not expected to survive in a human host for sustained periods
of time. The only threat to human health would lie in a nmassive
contam nation event in which workers nay be exposed to
extraordinarily high concentrations of the bacterium and
per haps, develop an allergic or inmmunol ogical reaction. It
appears, however, because the bacteriumis used for acetic acid
production, should such a contam nation event occur, the acetic
acid would present a greater threat to workers than the bacterium
itself. The potential for human virulence is virtually
nonexi stent for A. aceti (Edberg, 1992).

B. Envi ronnent al Hazards

1. Hazards to animals

There are no reports in the literature suggesting that A
aceti is pathogenic to animals. As previously nentioned, the
bact eri um does not produce toxins, enzymes, or other
extracellular virulence factors normally associated with
pat hogenicity (Edberg, 1992).

2. Hazards to plants

A. aceti has been reported as being the causal agent of pink
di sease of pineapple (Kontaxis and Hayward, 1978; Cho et al.
1980). This disease is characterized by a pink discoloration of
the fruit which turns brown with heat during processing. The
production of the netabolite 2,5-di ketogluconic acid is
responsi bl e for the discoloration associated with pink di sease of
pi neappl e.

These reports suggesting that A aceti is the cause of pink
di sease of pineapple were published prior to the reclassification
of the genus Acetobacter. A aceti does not produce 2, 5-
di ketogluconic acid. It is the bacterium now desi gnated as
Acet obacter liquefaciens (fornmerly A aceti subsp. |iquefaciens)
which is responsible for this disease through the production of
2, 5-di ketogl uconic acid, not A aceti.

There is another report in the literature of a disease of
stored fruit presumably caused by A aceti. This organism as
wel | as numerous acetic acid bacteria and other bacteria, were
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reported to cause rot in apples and pears resulting in different
degrees of browning (Van Keer et al., 1981). This study invol ved
i nocul ati ng apples and pears with 172 strains of bacteria
including a variety of acetic acid bacteria fromthe genera

Acet obact er, d uconobacter, and other genera. The entire fruits
were inoculated by either 10 mm deep stab wounds with inocul ati ng
needl es or by injection to a depth of 10 mmof 0.2 nml of the sane
pure culture of bacteria with a density of 10% cells/ni.

Al ternatively, sections of the epiderms were renoved fromthe
fruit and the bacteria were swabbed over the exposed tissue.
Fruits were incubated for two weeks in sterile plastic bags. In
ot her experinents, 4 to 6 nmmdi scs obtained from surface-
disinfected fruit were inoculated wth the bacterial suspensions
by an infected inoculation needle and incubated in petri dishes.

All of the inoculation nethods except stab inocul ation
resulted in rot of apple tissue with nost of the acetic acid
bacteria tested, including seven strains of what was fornerly
desi gnated as A aceti subsp. aceti and nine strains of other
subspecies of A aceti. Wth the 15 varieties of apples tested,
it was concluded that the surface of the fruit nust be wounded in
order to obtain rot. The three pear varieties tested were shown
to be nore susceptible to rot, and woundi ng of the surface was
not necessary.

The ability to cause rot of apples and pears as suggested in
t he above paper may be questionable for bacteria presently
designated as A aceti. First, this article was witten before
the revision of the genus Acetobacter, therefore, it is difficult
to tell if the strains used would neet the current designation of
A. aceti.

Second, in order to satisfy Koch's postul ates, re-isolations
of pure cultures were made fromthe rotting fruit that had been
injected with one strain of Acetobacter (species not specified),
and two strains of d uconobacter (species not specified). In al
cases, 2,5-di ketogluconic acid and 2-ketogluconic acid were
isolated fromthe fruit. A aceti can produce 2-ketogl uconic
acid and 5-ketogluconic acid but does not produce 2, 5-

di ket ogl uconic acid. The disease of apples and pears is thought
to be biochemcally simlar to pink disease of pineapple (Edberg,
1992). As previously nentioned, pink disease of pineapple is
caused by the production of 2,5-diketogluconic acid, which is
produced only by A. liquefaciens, not A aceti or other species
of Acetobacter.

Third, although rotting synptons appeared in fruits that
were nechanically inoculated with high concentrations of
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acetic acid bacteria, rotting synptons were al so denonstrated
wth 32 strains of bacteria fromvarious genera, sonme of which
are known pat hogenic bacteria, but others have no association

wi th plant pathogenicity. The additional bacteria studied

i ncluded strains fromthe follow ng genera: Xanthononas,
Pseudononas, Frateuria, Escherichia, Agrobacterium Al caligenes,
Erwinia, Serratia, Paracoccus, Klebsiella, Proteus,

Fl avobact eri um and Chronobacterium According to the U S
Department of Agriculture regul ations on biotechnol ogy products
under the Federal Plant Pest Act (7 CFR 330, et seq.), no nenbers
of the genera Fratueria, Escherichia, Alcaligenes, Serratia,
Parococcus, Klebsiella, Proteus, Flavobacterium or

Chr onobact eri um are consi dered pl ant pat hogens, nor are any
speci es of these genera suggested as bei ng pl ant pat hogens
according to Bergey's Manual of Systematic Bacteriology (De Ley
et al., 1984). Consequently, it appears as though a variety of
nonpat hogeni ¢ bacteria are capabl e of producing rot synptons in
pears and al so in apples when inocul ated at high concentrations
into the soft tissue below the outer protective epidernmal |ayers.

| V. EXPOSURE ASSESSMENT
A, Worker Exposure

A. aceti is considered a Cass 1 Contai nment Agent under the
National Institute of Health (NIH) Guidelines for Research
| nvol vi ng Reconbi nant DNA Mol ecul es (U. S. Departnent of Health
and Human Services, 1986). This bacteriumalso falls under the
C ass 1 Contai nment (harm ess m croorgani sn) under the European
Federati on of Bi otechnol ogy guidelines (Fromer et al., 1989).

No data were available for assessing the release and
survival specifically for fernmentation facilities using A aceti.
Therefore, the potential worker exposures and routine releases to
the environnment from| arge-scal e, conventional fernentation
processes were estimated on information available from ei ght
premanuf acture notices submtted to EPA under TSCA Section 5 and
from publ i shed information coll ected from non-engi neered
m croorganisnms (Reilly, 1991). These val ues are based on
reasonabl e worst-case scenari os and typical ranges or values are
gi ven for conparison

During fernmentation processes, worker exposure is possible
during | aboratory pipetting, inoculation, sanpling, harvesting,
extraction, processing and decontam nati on procedures. A typical
site enploys less than 10 workers/shift and operates 24 hours/day
t hr oughout the year. N OSH has conducted wal k-t hrough surveys of
several fernmentation facilities in the enzyne industry and
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monitored for mcrobial air contam nation. These particul ar
facilities were not using reconbi nant m croorgani snms, but the
processes were considered typical of fernentation process

technol ogy. Area sanples were taken in | ocations where the
potential for worker exposure was considered to be potentially
greatest, ie. near the fernmentor, the seed fernmentor, sanpling
ports, and separation processes (either filter press or rotary
drumfilter). The workers with the highest potential average
exposures at the three facilities visited were those involved in
air sanpling. Area sanples near the sanpling port reveal ed
average airborne concentrations ranging from350 to 648 cfu/nt.
Typically, the Chem cal Engi neering Branch would not use area
monitoring data to estimate occupati onal exposure |evels since
the correlation between area concentrati ons and worker exposure
is highly uncertain. Personal sanpling data are not avail abl e at
the present tine. Thus, area sanpling data have been the only
means of assessing exposures for previous PM bi ot echnol ogy

subm ssions. Assum ng that 20 sanples per day are drawn and t hat
each sanple takes up to 5 mnutes to collect, the duration of
exposure for a single worker will be about 1.5 hours/day.
Assumi ng that the concentration of m croorganisns in the worker's
breat hi ng zone is equivalent to the levels found in the area
sanpling, the worst-case daily inhal ati on exposure is estimted
to range up to 650 to 1200 cfu/day. The uncertainty associ ated
with this estinmated exposure value is not known (Reilly, 1991).

B. Environnental and CGeneral Exposure

1. Rel eases

Estimates of the nunmber of A. aceti organisns rel eased per
production batch are presented in Table 1. The mnimally
controll ed scenario assunmes no treatnent of fernentor off-gas and
a 2-log reduction in cell density of the fernentation broth after
i nactivation. The full exenption scenario assunes the use of in-
line filters for 99% renoval of m croorganisns fromfernmentor
off-gas and a 6-1o0g reduction in cell density of the fernmentation
broth after inactivation (Reilly, 1991).
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TABLE 1. Estinmated Nunber of Viable A aceti
Organi sns Per Production Batch

Mninmally Ful
Rel ease Medi a Controll ed Exenpti on Rel ease
(cfu/ day) (cfu/day) (days/ year)
Air Vents 2x108 - 1x10% 2x10° - 1x10° 350
Rotary Drum Filter 250 250 350
Surface Water 7x10% 7x10° 90
Soi | / Landfil | 7x10% 7x10% 90

Source: Reilly, 1991

These rel ease figures assune a batch production process.
However, acetic acid production is also acconplished using a
sem -conti nuous process (De Ley et al., 1984). Releases are
expected to be | ower under a sem -continuous process (LaVeck,
1991).

2. Air

Organisns released to air will nost |likely decrease in
nunber due to UV light, tenperature, desiccation, and a | ack of
nutrients. Those that do remain viable and slowy drift to | and
may be capabl e of establishing thenselves in soil, although these
nunbers are probably negligible. Human exposure is expected to
be | ow since the nunbers of organisns rel eased woul d qui ckly be
diluted in the atnosphere and sone die-off of the organisnms would
occur (LaVeck, 1991).

3. Water

Surface water concentrations of m croorgani sns were
estimated using the 10% and 50% fl ow val ues for SIC code 283
facilities (drugs, nedicinal chem cals, pharmaceuticals) that
release to surface water. The SIC code flow was estimated using
128 indirect (facilities that send their waste to a POTW and
direct dischargers (facilities that have a NPDES permt to
di scharge to surface water). Discharger data were extracted from
the IFD (Industrial Facilities D schargers) database and surface
water flow data were taken fromthe RXGAGE dat abase, nmi ntai ned
by the EPA. These data were partitioned into percentile rankings
and flows for the 10th percentile (small river) and 50th (average
river) were extracted and used for the exposure cal cul ations.
Flow is expressed in mllions of liters/day (MD). Mean Flow is
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the average flow value, and 7QL0 flow is the | owest flow observed
over 7 consecutive days during a 10 year period. Concentrations
of m croorganisns in surface water are cal culated for both the
mnimally controlled and the full exenption scenarios. The
surface water concentrations assunme 100% survival of the
organisns in the treatnment plant (LaVeck, 1991). Estimated
concentrations of A aceti in surface water for the mnimlly
controlled and full exenption scenarios are presented in Table 2.

TABLE 2. A. aceti Concentrations in Surface Water

Recei vi ng
Fl ow St ream Fl ow Organi sns
(M.D*) (cfull)
Mean Q710 Mean Q710

Mnimally Controlled

10th Percentile 159 4.57 4.4x10° 1.53x10’

50th Percentile 768 68. 13 9. 11x10% 1. 03x10’
Ful | Exenption

10th Percentile 159 4.57 4. 4x10* 1.53x10°

50th Percentile 768 68. 13 9. 11x10° 1. 03x10°

*MD = mllion liters per day
Source: LaVeck, 1991

These nunbers represent a worst-case, because they are based
on 100% survival in the treatnent plant which is unlikely due to
pH, desiccation, predation, and conpetition for nutrients.

4. Soi

Since Acetobacter is a common soil inhabitant, survival in
soil would be expected. However, the nethod of disposal would
i nfluence survival. For exanple, landfilling the organi sns woul d
probably not result in long termsurvival since the anaerobic
conditions in landfills would result in cell death. |If the
organi sns were spread out over the surface of the soil, then
aerobic conditions would prevail. However, on the soil surface,
the bacteria are subject to die-off fromUV, tenperature, and
desiccation. Once in the soil, A aceti popul ations are expected
to decline and reach a steady state popul ation. These rel eases
could result in sonme human and envi ronnmental exposure (LaVeck,
1991).
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V. | NTEGRATI ON OF RI SK
A. Di scussi on

Acet obacter aceti is ubiquitous in the environnment occupyi ng
al coholic niches such as flowers, fruits, honeybees, as well as
soil and water. It is found essentially wherever sugar
fermentati on occurs providing ethanol as a substrate for
conversion to acetic acid.

The actual history of the use of A aceti for production of
acetic acid fromethanol is not known, however, nenbers of the
genus have been used industrially since the 1850's (Edberg,

1992). The main industrial use of A aceti is for the production
of vinegar which is not a TSCA application. However, there are
TSCA applications for acetic acid including the manufacture of
rubber, plastics, acetate fibers, and photographic chem cal s.

A. aceti is a benign mcroorganism It is included in the
Food and Drug Adm nistration's GRAS (generally recogni zed as
safe) list (CFR 21, Parts 170-179, April 1, 1988). It is not
pat hogenic to humans. Although it often conmes in contact with
humans due to its w despread presence in the environment, it does
not col oni ze human skin, nor does it inhabit the human body.
There are no reports in the literature suggesting any allergic or
i mmunol ogi cal responses to the bacteriumthat has been used for
decades in fernentation facilities. A aceti does not produce
any toxins, enzynes, or virulence factors that usually are
associated with pathogenicity. |In addition, certain biochem cal
characteristics of the bacterium such as decreased grow h on
gl ucose and growm h inhibition in the presence of certain am no
acids also | essen the likelihood of human pathogenicity. The
potential for human virulence is virtually nonexistent for this
speci es (Edberg, 1992). In addition, worker exposure to the
organismis expected to be low (Reilly, 1991).

A. aceti is expected to survive in the environnent if
rel eased fromthe fernmentation facility. However, exposure to
t he environnment through exhaust gases or liquid wastes are
expected to be | ow under the conditions for inactivation required
for this exenption (LaVeck, 1991). Any rel eases which would
occur woul d not pose any significant ecol ogical hazards, as this
m croorganismis already ubiquitous in the environment and it is

not pathogenic to animals or plants (Kough, 1991). In ol der
literature, prior to the revision of the genus in 1984 (De Ley et
al ., 1984), A aceti was reported to cause pink disease of

pi neapple and rot in pears and apples. The fornmer disease is
caused by A. liquefaciens which was fornerly classified as A
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aceti. Doubt exists on the species identity with the report on
rot in apples and pears, since a certain netabolite was found in
all infected fruits (Van Keer et al., 1981) but A aceti cannot
produce that netabolite (De Ley et al, 1984). 1In any case, A
aceti does not result in typical disease synptons such as
decreased growh or yield |loss, and therefore, cannot be
considered a true pathogen. |In addition, many ot her

nonpat hogeni c bacteria were also found to cause rot in pears or

i n appl es when nechanically inocul ated beneath the surface of the
outer protective epidermal |ayers. Rot of apples and pears
caused by A. aceti nust not occur frequently in nature, as this
is the only citation in the literature reporting this problem
In sunmary, even if A aceti is released to the environnent and
i s capable of producing rot in pears or rots in apples with
damaged epidermal |ayers, the exposures to orchards or fruit
processing plants will probably not be great, or at |east not
substantially greater than the exposure fromstrains of A aceti
ubi quitous in the environnent.

The only point of concern regarding this mcroorganismis in
regards to the taxonom c revision of the genus Acetobacter in the
early 1980's. Presently, A aceti is well-defined as a species
and is readily distinguished from other Acetobacter species.
However, ol der industrial strains of A aceti may not, in fact,
meet the current designation of A aceti. Since there are sone
potential hazards associated with related species in this genus,

i ndustrial strains should be verified as being correctly
identified as A aceti using the revised taxonom c classification
schene.

B. Recommendat i on
Al strains of Acetobacter aceti are recommended for the

tiered exenption provided that these strains neet the current
taxonom c definition of A aceti.
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